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The ICAFE (Costa Rica Coffee Institute) and Universidad de Costa Rica are leading organizations researching 
the application of new technologies for coffee production and utilization coffee by-products. Central to this issue 
is the demonstration of gasification technology applicable to the  coffee waste (broza and cascarilla) about 
70wt% of the coffee fruit [1]. To accomplish this, the UCR has established academic collaboration since 2014 
with the CREC (Chemical Reactor Engineering Centre) from Western University.  
The present study, describes a Stoichiometric-Chemical Equilibrium model specifically developed for simulating 
the gasification of coffee pulp (broza de café) in a down draft gasifier. Results of the model are compared with 
data from experimental runs developed in a 10 kg/h downflow gasifer unit.  
 
Figure 1. View of the 12Kg/h down flow ICAFE-UCR 
unit and auxiliary equipment in operation in ICAFE (Instituto del Café) Costa Rica  
 
Fig. 1 provides an overall view of the unit in operation in ICAFE-Costa Rica including the broza pellet loading 
silo, the air compressor, the down flow gasifier, the gas cleaning system, the gas electrical power generator, the 
on line gas analyzer and the auxiliary equipment for electrical power measurements.  To model the ICAFE-UCR 
gasifier a modular Unisim 430 model is proposed as described in Figure 2.  
 
 
Fig.2. Description of the Modular Unisim 430 Simulation showing a) The Combustor Section (Stoichiometric 
model component), b) the Gasification Reaction Section (Chemical Equilibrium Model Component) 





Downdraft Gasification Section 
Analytical and electrical 
power measurement unit 
This model is based on “decoupling” the down draft gasifier unit in two major sections: a) a Combustion Section 
where oxygen fed is depleted. Thus, combustion is limited here by oxygen supply and only a fraction of the C in 
biomass is being converted (about 32wt%), b) a Gasification Section where the remaining carbon is transformed 
into syngas under chemical equilibrium conditions. To accomplish this as described in Figure 2, the Combustion 
Section was described with a “Converter Reactor” module, while the Gasification Section was simulated with a 
“Gibbs Reactor” module using Unisim 430.  
The proposed model includes a number of key assumptions: a) the down draft gasifier can be configured with a 
combustor section, followed by a gasification section, b) the coffee waste (coffee pulp pellets) contains a 15 wt% 
humidity being fed at the 12 kg/h rate ; c) the oxygen is fed into the unit comes from the oxygen contained in the 
feedstock as well as in the air supplied via the compressor, d) oxygen is consumed 100% in the combustor 
section, e) Water is fed in the gasification section given water contained in the broza as well as water from broza 
combustion, f) the unconverted biomass is fed in the gasifier as carbon species, g) Carbon is converted into 
synthesis gas in a Gibbs equilibrium reactor module, with products minimizing the total Gibbs free energy, e) 
The ash from broza is included in the combustor and gasification unit as heat losses. 
Furthermore, the Gasifier section is completed with a CLC fluidized bed module unit where the synthesis gas is 
fully combusted in CO2 and water. This allows: a) simulating the syngas thermal conversion, b) simulating the 
electrical power generated. Thus, Unisim calculations with the “heater unit” module give maximum thermal 
energy and available electrical power using Carnot Cycle efficiency.   
 
Table 1 reports a comparison of the with the results of the ICAFE-UCR coffee waste conversion unit with : a) the 
Stoichiometric-Chemical Equilibrium model and b) A Modified Stoichiometric Chemical Equilibrium Model with 
corrections for methane reforming and water gas shift reactions.  
 
Table 1. Comparison of the stoichiometric-chemical equilibrium model and modified stoichiometric-chemical 
equilibrium model with the results in the 10 kg/h coffee waste unit in ICAFE facilities in Costa Rica. 





Model with corrections 
for methane reforming 
and water gas shift  
ICAFE-UCR Demonstration 
Unit. Basis: 6 hour runs. 
Feeding Section  
Biomass Fed, Kg/h 12 12 12 
Humidity Biomass, wt% 15 15 15 
Combustor Section   
Reactions CH1.35O0.654 + 1O2  2 CO2 +3 H2O 
Temperature 1240C 1240C 711.2 (+/-41.6) C 
Air Fed in Kmoles/h 0.73 0.73 0.73  
C Fed in Biomass 
Kmoles/h 
0.427 0.427 0.427  
Oxygen Conversion 100% 100% 100% 
Product composition 
in Kmoles/h 
0.324 of C, 0.389 of 
H2O, 0.052 moles 
O2, 0.102 CO2, 
0.576 of N2  
0.324 of C, 0.389 of 
H2O, 0.052 moles O2, 
0.102 CO2, 0.576 of N2 
N/A 
Gasification Section  
Reactions C +1 H2O+ +2 CO2 3 CO + 4 H2 
Temperature 597.6 C  597.6 C 597.4 (+/-7.9) C  
Synthesis gas 
Composition (%molar 
fractions) free of water 
and nitrogen 
 39.62% of H2,  
 36.86% of CO,  
 23.46% of CO2,  
 0.06% of CH4, 
 15.81%% of H2,  
 34.08% of CO,  
 35.81% of CO2,  
 14.30% of CH4,  
 22.15 (+/-1.88) % of H2,  
 34.85 (+/-3.38) % of CO,  
 18.63 (+/-2.74) % of CO2, 
 24.37 (+/-5.87) % of CH4,  
Maximum Available 
Thermal Power   
15.57 KW 15.71  
Electrical Power 12.14 KW (assuming 12.25KW (assuming 11.8 kW @ 555.0C engine 
 
 
In summary, the following conclusions can be drawn from the present study: 1) The combustor section 
considers a sub-stoichiometric oxygen feed to simulate the fraction of biomass combusted and the associated 
enthalpy required to sustain the coffee waste gasification, 2) the synthesis gas produced using the proposed 
Stoichiometric-Chemical equilibrium model display higher H2/CO ratios, lower methane and lower CO2 tan the 
experimentally  observed values, 3) the Modified Stoichiometric-Chemical equilibrium model with non-
equilibrated steam methane reforming and water gas shift reactions, is capable to describe much better the 
H2/CO ration and the methane yield experimental values, 4) The Stoichiometric-Chemical equilibrium and the 
Modified Stoichiometric-Chemical equilibrium models  are both able to closely describe the generated electrical 
power in the ICAFE down draft gasifier, 
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generated 0.78 Carnot 
efficiency)  
0.78 Carnot efficiency) out 
Electrical Power 
generated/ Kg/h of 
Biomass fed 
1.01 KWh/kg 1.02 KWh/kg 0.98 KWh/kg 
